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SUMMARY 


An investigation was made at high subsonic speeds of a complete model 
having a highly tapered wing and several tail configurations. The basic 
aspect-ratio-4.00 wing had zero taper and an unswept 0.80 chord line. 
Several aspect-ratio modifications to the basic wing were made by clipping 
off portions of the wing tips. The complete model was tested with a chord- 
plane tail, a T-tail, and a biplane tail (combined T-tail and chord-plane 
tail). The model was tested in the Langley high-speed 7- "by 10-foot tun- 
nel at Mach numbers from 0.60 to 0.92. 

The data show that, when reduced to the same static margin, all the 
tail configurations tested on the model provided fairly good stability 
characteristics, the biplane tail giving the best overall characteristics 
as regards pitching -moment linearity. Changes in static margin at zero 
lift coefficient with Mach number were small for the model with these tails 
over the Mach number range investigated. 


INTRODUCTION 


Many research and production-type high-speed airplanes experience 
abrupt changes in longitudinal stability at moderate and high lift coef- 
ficients, particularly when flying at high subsonic and transonic speeds. 
Investigations of thin-wing models having various sweep angles, aspect 
ratios, and taper ratios (refs. 1 to 4) have shown that the tail-off 
(wing or wing-fuselage) contribution to the pitching -moment nonlinearity 
can be minimized by proper selection of wing plan form. One such inves- 
tigation (ref. 1) on small-scale, thin, highly tapered wings indicated 

^-Supersedes recently declassified NACA Research Memorandum L56JO3, by 
Kenneth W. Goodson. 
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that minimum nonlinearity of the variation of pitching moment with lift 
at subsonic and transonic speeds was obtained when the line of zero sweep 
is a constant -percent chord line lying between the 0.75 chord line and 
the trailing edge. An additional attractive feature of highly tapered 
wing plan forms is that they are known to offer certain structural advan- 
tages over wings of less taper. 

The present investigation was undertaken to determine whether the 
results obtained from the small-scale wing-alone tests could be applied 
to a model at higher Reynolds numbers and to obtain complete-model data. 
An aspect-ratio-4.00 wing with a taper ratio of zero and an unswept 0.80 
chord line was selected as having the desired overall characteristics. 

The wing had an NACA 65A004 airfoil section parallel to the plane of 
symmetry. Longitudinal aerodynamic characteristics for the model were 
obtained with the wing clipped to form aspect ratios varying from 4.0 
to 3.0. The aspect-ratio-3.50 clipped wing was tested in conjunction 
with several tail configurations, and some limited tail-on tests were 
made with the wing clipped to an aspect ratio of 3*00. 


SYMB0IS 


The data are presented about the system of axes shown in figure 1. 
The pitching -moment coefficients are referred to a center-of -gravity 
position which is located at the quarter-chord point of the aspect- 
ratio- 3.50 clipped wing. 
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Lift 
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mass density of air, slugs/cu ft 
free-stream velocity, ft/sec 
Mach number 
ving area, sq. ft 

local chord parallel to plane of symmetry, ft 
root chord, ft 
tip chord, ft 

p r b/2 p 

■wing mean aerodynamic chord, / c^dy, ft 

S Jo 

horizontal-tail mean aerodynamic chord, ft 
vertical-tail mean aerodynamic chord, ft 

tail length, measured from quarter chord of c to quarter 
chord of c h and c v , respectively 

wing span, ft 

spanwise distance from plane of symmetry, ft 

change in mean aerodynamic quarter-chord location due to 
clipping of wing, in. 

angle of attack, deg 

stabilizer deflection, positive when trailing edge is down, deg 
aspect ratio 
taper ratio 

sweep of 0.80 chord line, deg 
sweep of wing quarter-chord line, deg 

MODEL AND APPARATUS 


A three-view drawing of the complete model is shown in figure 2(a) . 
The model with the basic pointed wing (taper ratio of zero) had an aspect 
ratio of 4.00 with an unswept 80-percent chord line. The basic wing was 
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also modified to form wings with aspect ratios of 3.50, 3-25, and 3-00 
by clipping the wing tips (fig. 2(b)). 

The model was fitted with an unswept -trailing -edge vertical tail 

(A c /4 = 28 . 0 °) and with a delta horizontal tail which could be mounted 
in two positions. (See figs. 2(a) and 2(c).) The horizontal tail could 
be mounted on the rear end of the fuselage in the wing chord plane extended 
and also on the tip of the vertical tail in a T-tail arrangement. The 
apex of the horizontal tail (basic T-tail arrangement) overhung the leading 
edge of the vertical-tail tip by 1.93 inches. The various tail configu- 
rations of the basic model are shown in figure 2(c). 

In addition to the tail configurations of the basic model, the model 
was modified to give zero overhang of the horizontal tail (T-tail) and also 
to keep the original tail length for this configuration (fig. 2(d)). In 
order to keep the same horizontal-tail length, a reduced-sweep vertical 
tail was constructed for the zero overhang configuration (tail configu- 
ration 7 ) • 

The incidence of the horizontal tail of the T-tail configuration 
could be varied by use of several mounting brackets. The incidence of 
the chord-plane horizontal tail was fixed at 0°. Dimensions of the 
fuselage with a fineness ratio of 10.94 are presented in table I. A 
photograph of the model mounted on the sting support of the Langley 
high-speed 7- by 10-foot tunnel is shown in figure 2(e). 


TESTS 


The sting-supported model was tested in the Langley high-speed 
7- by 10-foot tunnel through a Mach number range of 0.60 to 0.92 and 
through an angle-of -attack range that varied with loading conditions 
(the maximum range being about -3° to 24°) . The Reynolds number based 
on the mean aerodynamic chord varied with Mach number from about 

2.6 X 10 6 to 3-4 X 10 6 . 

Longitudinal stability tests were made for the model with the basic 
wing with an aspect ratio of 4.00 and with the basic wing clipped to 
give aspect ratios of 3-50, 3*25, and 3.00. The aspect-ratio-3.50 wing 
was selected for more detailed investigation of a complete model with 
various tail configurations. Some stabilizer effectiveness tests (for 
values of i^. of 0° to approximately 6°), were made with this wing. 

A few tail-on tests also were made with the aspect-ratio-3.00 wing. 
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CORRECTIONS 


Blockage corrections were applied to the results by the method of 
reference 5* Jet-boundary corrections to the angle of attack and drag 
were applied in accordance with reference 6. Corrections for effects 
of the longitudinal pressure gradient in the wind-tunnel test section 
have been applied to the data. 

Model support tares have not been applied, except for a fuselage 
base-pressure correction to the drag. The corrected drag data represent 
a condition of free-stream static pressure at the fuselage base. From 
past experience, it is expected that the influence of the sting support 
on the model characteristics is negligible with regard to the lift and 
pitching moment. 

The angle of attack has been corrected for deflection of the balance 
and sting support. No attempt has been made to correct the data for 
aeroelastic distortion of the steel wing model. 


PRESENTATION OF RESULTS 

The results are presented in figures 3 to 15 as follows: 

Figure 

Effect of aspect ratio on the longitudinal aerodynamic 

characteristics, tail-off 3 

Effect of various tail configurations on the longitudinal 

aerodynamic characteristics of the aspect -ratio-3. 50 model . 4 and 5 

Effect of aspect ratio on the longitudinal aerodynamic 

characteristics of the tail-on model 6 

Effect of stabilizer deflection on the aerodynamic 

characteristics of the complete model (aspect-ratio- 


3.50 wing) with various tail configurations 7 to 10 

Summary of aerodynamic characteristics 11 to 15 


Tabulated results of normal-force and axial-force coefficient are pre- 
sented in tables II to IX. The results are presented about a center of 
gravity located at the quarter-chord point of the aspect-ratio-3.50 wing. 


DISCUSSION 

Pitching -Moment Characteristics 

The effect on pitching-moment characteristics of reducing aspect 
ratio by clipping the tips of the basic aspect-ratio-4.00 pointed wing 
is shown in figure 3. The results show that clipping small portions off 
the wing tips (that is, reducing the aspect ratio) generally reduces the 
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longitudinal stability in the low lift-coefficient range , the effects 
becoming more significant as the aspect ratio becomes relatively smaller. 
(See figs. 3(a), 3(h), and 11.) These data also show that small localized 
nonlinearities occurring at moderate and high lift coefficients at high 
subsonic (above critical) Mach numbers are minimized by small reductions 
in aspect ratio. These data in general show results similar to those of 
the small-scale models of reference 1. After clipping the aspect-ratio- 
4.00 wing to an aspect ratio of 3*50, the aspect-ratio- 3.50 wing was 
selected for the complete-model tests of the present program. Consequently, 
before the wing tips were cut off to form the aspect -ratio- 3- 25 and aspect - 
ratio-3- 00 wings, the aspect-ratio-3 -50 wing was tested rather extensively 
on a complete -model configuration with several different tail arrangements, 
inasmuch as the wing tips could not be accurately replaced. The complete- 
model characteristics with this wing are discussed in the following 
paragraphs . 

Results of tests of the aspect-ratio-3-50 wing on a complete model 
with a vertical -tail and several horizontal-tail locations are shown in 
figure 4. These results show that the local nonlinearities previously 
mentioned for the wing-fuselage configurations are still evident with 
the complete model but that the horizontal tail generally tends to reduce 
their magnitudes. Note that the T-tail arrangement provides considerably 
more stability up to moderate lift coefficients than does the chord-plane 
horizontal tail (figs. 4(a) and 12) probably because of smaller changes 
in downwash with angle of attack (ref. 7) at the high tail (T-tail) and 
the greater exposed area of the high tail. It should also be noted that 
a combination of the T-tail and the chord-plane tail (biplane tail, con- 
figuration 5) has almost linear pitching -moment characteristics up to 
stall except for some local nonlinearities at M = 0.92. 

In order to give a more direct comparison of the effects of the 
various horizontal tails on the longitudinal stability of the complete 
model, the T-tail, the chord-plane tail, and the biplane tail data have 
been reduced to a static margin of -0.10c at M = 0.60 (fig- 13) and 
adjusted to give C m = 0 at C L = 0. These results show that the 

biplane tail model has the best overall stability characteristics of any 
of the tail configurations tested in regard to pitching -moment linearity 
over the Mach number range investigated. This configuration shows 
increased stability at the stall. Similarly, no pitch-up is noted for 
the low-tail (chord-plane) configuration although the increase in sta- 
bility at the higher lift coefficients (fig. 13) is somewhat greater 
than might be desired. The T-tail arrangement, on the other hand, shows 
a mild reduction in stability at moderate lift coefficients along with 

a strong pitch-up tendency above C T . This configuration, however, 

-•max 

may provide a warning of the impending pitch-up in the form of a momentary 
increase in stability at stall and perhaps buffeting associated with the 
wing stall. 
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It Is believed that any of the present tail arrangements would prove 
acceptable when used in conjunction with the wing of this investigation. 
Note that changes in static margin with Mach number are very small for any 
of the tail-on configurations for the Mach number range investigated. 

(See figs. 12 and 13.) 

For the T-tail configuration with horizontal-tail apex overhang 
(tail configuration 4 of the present paper ), reference 8 shows a con- 
siderable reduction In directional stability at high subsonic Mach 
numbers; whereas, essentially no reduction is indicated when the horizon- 
tal tail has zero overhang. For this reason it is desirable to have the 
horizontal tail located in the rear position (tail configuration 6). 

With these results in mind, tests were made with the horizontal tail in 
the rear position to determine whether there were any large or adverse 
effects on the longitudinal-stability characteristics. Also, another 
configuration having a reduced-sweep vertical tail (tail configuration 7) 
made it possible to maintain the original horizontal -tail length and at 
the same time avoid the unfavorable directional Interference. The effects 
of these tail modifications on longitudinal stability were small. 

(See fig. 5. ) 

The basic wing was modified to an aspect ratio of 3*00 by clipping 
the tips to form a more practical tip chord. This modification was also 
expected to provide somewhat greater stability for the T-tail arrangement 
just prior to stall. The results of figure 6, however, show this modifi- 
cation to be rather ineffective for the T-tail arrangement. 


Lift and Drag Characteristics 

Small reductions in aspect ratio produced by clipping off the tips 
of the basic pointed wing did not appreciably affect the lift character- 
istics of the wing-fuselage configuration. (See fig. 3(c).) Because of 
unexplained scatter in the minimum drag, the present data are not consid- 
ered suitable for analysis of lift-drag ratios. Drag due to lift results 
obtained from these data, however, should be indicative of aspect-ratio 
effects through the lift-coefficient range. Such results (fig. l4) show 
that clipping the wing tips increases slightly the drag due to lift at 
the higher Mach numbers. These data (fig. 3(d)) also indicate that the 
drag rise is not reached in the Mach number range of the present 
investigation. 

The effect of small changes in horizontal-tail leading-edge overhang 
and tail length (fig. 5) had no appreciable effect on the lift character- 
istics, although small Increases in drag due to lift were noted at the 
higher Mach numbers. Also, changes In aspect ratio for the tail-on con- 
figuration had small or negligible effect on the lift and drag character- 
istics. (See figs. 6(b) and 6(c).) 
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Stabilizer Characteristics 

The usual variation of the aerodynamic characteristics with stabi- 
lizer deflection was obtained for the complete model with the various 
tail configurations. (See figs. 7 to 10.) These data show that pitching- 
moment linearity and pitch-up characteristics were not appreciably- 
affected by stabilizer deflection. The stabilizer effectiveness for the 
various tail configurations is shown in figure 15* 


CONCLUDING REMARKS 


An investigation of longitudinal stability at high subsonic speeds 
(Mach numbers of 0.6 to 0.92) of a highly tapered model having several 
tail configurations indicates the following results: 

In general, the data indicate that reasonably good longitudinal 
stability characteristics can be obtained with a highly tapered wing 
having zero sweep of the 80-percent chord line when used in conjunction 
with a low tail, a high tail, or a biplane tail. The data show that 
the model with a biplane horizontal tail (T-tail plus chord -plane tail) 
gave the best overall longitudinal stability characteristics in regard 
to pitching-moment linearity against lift for the Mach number range 
investigated. Changes in static margin at zero lift coefficient with 
Mach n umb er for these tails are small for the Mach number range 
investigated. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., September l4, 1956. 
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TABLE III.- NORMAL- AND AXIAL- FORCE COEFFICIENTS WITH TAIL 
CONFIGURATIONS 1 TO 5 (A = 3.50) 
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deg 


M = .t 

0 

M : .80 

M ‘ .85 

| M =.90 

j M =92 

a ° 

C N 

C A 

a ° 

C N 

C A 

a ° 

Cn 


a • 
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-.2850 

— 
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.0087 
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-.1566 
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.0117 

-.0837 
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-.0059 
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3.16 
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3.26 
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.2345 
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TABLE M . — CONCLUDED 
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TABLE IV.- NORMAL- AND AXIAL- FORCE COEFFICIENTS WITH TAIL 
CONFIGURATIONS k, 6 , AND J (A = 3.50) 
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TABLE VI.- NORMAL- AND AXIAL- FORCE COEFFICIENTS WITH TAIL 
CONFIGURATION 4 (A = 3 . 50) 



























TABLE VIII.- NORMAL- AND AXIAL- FORCE COEFFICIENTS WITH TAIL CONFIGURATION 7 (A = 5- 50) 
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TABLE IX.- NORMAL- AND AXIAL- FORCE COEFFICIENTS WITH TAIL CONFIGURATION 5 (A = 
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6.97 Geometric Characteristics Of Mode! 
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Tail 

Configuration 
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(c) Model tail configurations with unswept trailing-edge vertical tail. 


Figure 2.- Continued. 
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Figure 2.- Continued. 



Aspect ratio 



Figure 3 ■ ~ Effect, of aspect ratio on the longitudinal aerodynamic chars c 

teristics of the model. Tail off. 


Aspect ratio 



against 






Aspect ratio 



Figure 3.- Concluded. 



Tail configuration 



Figure 4.- Longitudinal aerodynamic characteristics of the model for 
several tail configurations. Wing aspect ratio, 3*50. 


T a H con figura tion 



Figure 4.- Continued 





Tail configuration 



Figure 4.- Continued, 




Tail configuration 



Figure 4.- Concluded 

















Tail configuration 



Figure 5- - Concluded 
















Aspect ratio 



Figure 6.- Concluded 



















(a) C m against C L . 

Figure 8.- Effect of stabilizer deflection on the aerodynamic charac- 
teristics of the T-tail configuration without leading-edge overhang 
of the horizontal tail. Tail configuration 6; wing aspect ratio, 3-50 





Figure 8.- Concluded 



(a) C m against C-^. 


Figure 9 .- Effect of stabilizer deflection on the aerodynamic character- 
istics of the T-tail without leading-edge overhang and mounted on a 
reduced sweep vertical tail. Tail configuration 7; wing aspect ratio 
3 - 50 . 






Figure 9-- Concluded. 





(a) C m against C^. 


Figure 10.- Effect of stabilizer deflection on the aerodynamic charac 
teristics of the biplane-tail configuration. Tail configuration 5 
wing aspect ratio, 3*50. 


-toil 



Figure 10 . - Continued . 
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Mach number , M 


Figure 11.- Variation of ( ) with Mach number for the wing-fuselage 

\ dC L/c L =0 

model for various wing aspect ratios . 
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Figure 12 .- Variation of 


f bc 


m ' 


^ Cl /Ct=0 


and lift-curve slope with Mach number 


for the model with the aspect-ratio-3.50 wing and various tail configurations. 



Q § $ So 


§ * § $ 55 


Q ^ 5 SQ 


a ;| 1 •: : i 'WW' ;; iiiiiiii j iii-'iri:: 

to f: : H4S4ft :; - : 4;4SW^4K~ 




■Slflji4 fp| j if|^li |l|i l: ifejililt 

;«i hft l ft! mMM -tlJ i;lft 


ilttisMii' iSllfel 


ml lliitilil - - -o i:M 


r ::::::: ; M :.::J.t:::::.gi 

^T^Tt^rT'pSii-tt? 


i m ii 1 


i 

If: :i: ! ^ I 




m [ mf ; 


^T^TyTTTTyrTT 7TTT~77TT7T17 

fril i : i:l! llrniiftffjIf-Hisitf If 


ppm ji ; ':! j! ft]t:j! t !{• :«! ^ 

|||||||||| ' 


i: i! I: {! IM S! ! i: ii iS 


Figure 13 • - Longitudinal stability characteristics of the aspect-ratio- 
3.50 model with several tail configurations adjusted to give a -0.10c 
static margin at M = 0.60. 
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Figure l4. - Effect of aspect ratio on drag due to lift. Tail off 
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